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Primary Productivity Estimates
in Lower Derby and Ladora Lakes

Primary production is the weight of new organic matter created
by photosynthesis, or the energy represented by the process of
creating the new organic matter (Westlake, 1966). Primary
productivity is the rate of primary production.

The light and dark bottle technique was used for estimating primary
productivity in Lower Derby and Ladora lakes. One 1-liter water
sample was taken in each light and dark polyethylene plastic
sampling bottle for each lake. Initial dissolved oxygen readings
were taken and the bottles were suspended near the surface for

a period of 24 hours. Samples were taken near the surface due

to lack of time and available equipment at sampling time. Gross
and net photosynthesis rates are estimated according to methods
given by Reed (1968).

Gross photosynthesis = LB - DB*

Net photosynthesis = LB - initial
Respiration = initial - DB

*LB = Light bottle; DB = Dark bottle

Lower Derby Reservoir Ladora Lake

Initial 02 = 7.70ppm Initial 0, = 10.00ppm
LB O2 = 7.85ppm LB 02 = 9,13ppm
DB 0, = 7.10ppm DB 0, = 8.17ppm

Lower ﬁgrby Reservoir Lake Ladcra

Gross Photosynthesis 0.75ppm 0.96ppm
Net Photosynthesis 0.15ppm =0.47ppm
Respiration 0.60ppm 1.83ppm

Gross photosynthesis expressed as milligrams of carbon assimilated
mg - Cags) is found by dividing the gross protosynthesis value
GP) by the gram atomic weight of oxygen (Gw-0) and multiplying

this quotient by the quotient of the gram atomic weight of carbon

(GW-C? divided by the photosynthetic quotient (PQ) (Reed, 1968).

mg - C, s = (GP/GW-0) X (GW-C/PQ)

PQ = DO molecules 02 liberated
no. molecules COZ assimilated

. (Net photosynthesis)(Gram molecular weight of 02) ’
(Cross photosynthesis)/Gram molecular welght of’CbZ)




Lower Derby Reservoir Ladora Lake

mg carbon 4.0 mgC/1 -1,09mgC/1
assimilated
(in mg/1)

Discussion

The results for Lake Ladora are obviously invalid due to the
negative value of "carbon assimilated"” obtained. This negative
value only indicates that the sample was taken too close to dense
weed beds where the diurnal C02 - 02 cycle fluctuates widely

and sporadically, depending on light, temperature, pH conditions
and vegetative type. The aquatic weed beds were too dense in Lake
Ladora to obtain unbiased dissolved oxygen readings at any location
in the lake at sampling time.

The dissolved oxygen readings for Lower Derby were not taken near
any dense aquatic vegetation and provide a more reasonable estimate
of carbon assimilated. Since the Lake Ladora estimates have been
invalidated, no data is available to compare with the Lower Derby
results. The 4.0 mgC/1 figure obtained, however, represents a
substantial assimilation of carbon by primary producers and is
concurrent with fish, plankton and plant production observed in
Lower Derby.




Fish Survival Experiment, North Bog Pond

While gill netting and sampling North Bog Pond for fish populations
and other aquatic organisms it became apparent that the bog water
was probably toxic to fish 1life. No fish were netted or observed
during the sampling period (from 8-1-77 to 10-15-77). The only
vertebrate population collected were the amphibians (Necturus

maculosus). A sizeable population of these water dogs exists in
ort og

To determine the ability of the North Bog water to support fish
life several tests were conducted with the most resistant fish
species available on Rocky Mountain Arsenal. Black bullhead
{(Ictalurus melas) were used as test animals for each experiment
and were transferred from Lower Derby and Rod and Gun Club Pond
to the North Bog.

Test Number One

In test number one three black bullheads were placed in live-box
no. 1 and two black bullheads were placed in live-box no. 2.

Minnow traps were used to decrease activity of the fish. The small
confinement space within the live-boxes reduced metabolic activity
of the fish. Confinement will usually increase time limits of
mortality in lethal dosage tests. Test number one was conducted
starting 9-27-77 and concluded on 10-3-77.

Test Number Two

In test no.2 ten black bullhead were placed in two 2'X2'X4' live-
boxes, to rule out differences in mortality due to confinement as
in test no. 1 and differences in mortality from variable metobdblic
rates. Higher metabolic rates were expected in the larger live-
boxes where fish could move about freely. Five fish were placed
in each live-box and suspended in the water. Test no. 2 began
10-6-77 and terminated 10-10-77.

Test Results

In test no. 1 no mortality occurred in the live-boxes within 120
hours. At 144 hours three black bullhead had died. The two
remaining fish were very weak and lethargic. Close observation
revealed gill anemia, skin discoloration, capillary dilatation

and hemorrhage. Edema of the dorsal musculature and vent was

also prevelent on the remaining live fish. A total mortality
occurred after seven days or 1 hours. The cummulative effect of

the conditions described above apparently resulted in the death of
the fish.

Test no. 2 was conducted on 10-6-77 in which a cold snap had cooled
the bog water considerably. Within 48 hours the ten test fish, five
in each live-box, were lethargic and weak. On 10-8-77 5Q% of

the bullheads had died, and by 10-10-77 total mortality had occurred




in 120 hours. The decreased time of mortality over test no.1 was
attributed to increased metabolic rates of the fish in larger live-
boxes and a possible increase in toxicity of the unknown toxicant
at lower water temperatures. Due to the rapid initial mortality it
is believed that whatever toxicant is present it's LD5p on black
bullhead may decrease sharply with a decline in water temperature.

Discussion

There appears to be two or three factors which contribute to the
toxicity of the bog water to fish. It could be stated that the
toxicity of the water must be minimal due to the abundance of
aquatic insect fauna and the fact that North Bog supports a

large population of amphibians (Neturus maculosus). These organisms
could surely not survive if the toxicity of the water was acute.

Due to the difference in gill morphology of the amphibians (chemical
exchanges between the gill water interface) they are apparently

more resistant to the toxicants or do not accummulate it as rapidly
as most fish species. Low oxygen concentrations and bluegreen

algae blooms may also contribute to water toxicity. Several bdlue-
green algae blooms were noted during the sampling period. Amphibians
are known to be more resistant to lower oxygen concentrations than
most fish species and this could be one factor contributing to

their success.

A substantial amount of background research on chemical contaminates
is needed to define a specific study program for the North Bog.

A detailad study would be required to define the parameters con-
tributing to toxicity of the water in North Bog to fish life. As
stated previously it appears that toxicity to fish is marginal due
to the abundant production of littoral insect fauna and the thriving
amphibian population.

It may be possible to support fish life in Bog Pond with a minimal
amount of capital expenditure. Tests on water quality, dissolved
oxygen values and chemical contaminate levels would be needed to
determine the feasibility of lake bed aeration as a possible
solution to this problem. Lake bed aeration has been found to be
effective in reducing natural organic pollutants, such as organic
waste products (Browne, Mervin F.,1975). Specifically, lake bed
aeration can reduce nitrogen in the form of ammonia, lower iron
and manganese levels, decrease potentially toxic bluegreen algae,
reduce nitrogen and phosphates and increase benthic breakdown of
organics by stepping up aerobic bacterial decomposition.

We propose a feasibility study to determine the effects of lake
bed aeration on the reduction of organic pollutants present in
the Rocky Mountain Arsenal lakes. North Bog Pond would be an
ideal initial study pond due to its small size, availability of
electricity for operation of the aerators and the degree of
simplicity in this aquatic community. Solving the problem of
fish survival in North Bog could be studied concurrently.




Proposal Por Lake Bed Aeration

The fate and behavior of organiec pesticlides in the aquatice environ-.

ment has concerned scientists almost from the time of their
conception. Cf greatest concern are the chlorinated hydrocar-
bons, due to thelr persistence in aquatic ecosystems. Chlorinated
hydrocarbons in lentic ecosystems of greatest importance are
dieldrin, aldrin, endrin, isodrin and DDD; derivitives of DDT.

To elucidate the fate of these pesticides in the équatic environ-
ment at least three cases must be considered:

1. Dissappearance of insecticide from the water by evaporation
and tranpiration of the plants at the air water interface
without chemical change to the insecticide.

2. Influence of sunlight, oxygen, suspended particulate matter
in the water, and photo-oxidation, with chemical change.

3. Metabolism in living organisms (biodegradation) caused by
enzymatical activity.

The purpose of this report is to suggest a possible means of
reducing the amounts of organic pesticides in the aquatic eco-
systems on Rocky Mountain Arsenal. Although this appears to

be a task of monumental proportions, current literature suggests
a possible method in the reduction of chlorinated hydrocarbons
as well a3 other less persistent organic contaminants.

It is generally accepted by most investigators that the persis-
tence of the pesticide DDT may be Slowly degraded by the action
of light and air (1,2). Photo-oxidation of DDT produces ben-
zole acids, aromatic ketones and chlorinated phenols. DDE also
undergoes photo-oxidation to give dichlorofluorene derivatives.
The photo-~-oxidation of DDT and DDE are thoughtto be brought
about by the reductive loss of chlorine by fragmentation. The
sequence of reactions in the photo-oxidation process are pos-
tulated by Mosier (3). He postulates eight reactive processes
in the breakdown of chlorinated hydrocarbons in the presence

of oxygen. Many studies have shown that concentrations of
DDT'S in aquatic systems dissappears rapidly from the open
water in a relatively short time (4). Original concentrations
of chlorinated hydrocarbons decline rapidly from the water,

but are deposited in the bottom muds (benthos) of lake systems.
This rapid dissaprearance in water is attributed to bio accumu-
lation by flocculant bacteria, zoo and phytoplankton and
particulate matter settling out of the water column of lakes.
This material carries these pesticides to the lake bottom
where they are deposited in the sediments. The bioaccumulative
factor of bottom organic sediments is described as very great.
Chlorinated hydrocarbons have a great affinity for orescnic matter
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on the benthos. These chlorinated hydrocarbon particulates that
have accumulated on the bottom sediments are the primary source
of contamination in the aquatic environrent and pose the greatest
challenge for cleanup. Chlorinated hydrocarbons are adsorbed
onto the organic substrate and usually accumulate within the
first few centimeters of the bottom sediments.

Shin (5,6) found that DDT adsorbtion in soil increased with the
stage of humification of soll organic matter. This would lead
one to believe that adsorbtion in aquatic soll systems must be
high. Aldrin and dieldrin were adsorbed from aqueous 801l
particulate matter and volatilized from aqueous systems (5),
showing that adsorbtion and volatilizatlon are improtant pro-
cesses in the disappearing of these compounds from aquatic soil
systems. Adsorbtion of aldrin, dieldrin and endrin 1s directly
related to the organic content of the soil (8,9,10). Higher
levels of organic matter in soils increases persistence of
aldrin in the soil, decreases the adsorbtion of dieldrin and
endrin by erops and decreases the volatilizing of the compounds
from the soil (5,11).

As indicated above, floc-forming bacteria are an important fac-
tor in the sedimentation of chlorinated hydrocarbons from the
water column. Floecculent bacteria also adsorb other micro-
particulates which represents a mechanism of removal of suspen-
ded particulates with subsequent sediment formation and decrease
in overall turbidity.(12,15). In adsorbtion experiments with
aldrin, Leshniowsky, et al (1970), identified one floc-forming
bacteria that adsorbed aldrin as Bacillus and one other was
tentatively identified as either Flavobacterium or Protamino-
bacter. Thirty-three aerobic bacteria 1solates were tested in
8ix different growth media in these experiments and Leshniowsky,
et al , (1970) report that nineteen formed flocs in at least
ore medium and ten formed floecs in two or more of the medla.

Adsorbtion rates for aldrin were reported to be rapid and con-~
centration levels by the bacteria were high. _Adsorbtion of all
the aldrin added to the suspensions ( 1 X 10‘65/ ml. or 1 p.p.m.
aldrin) was adsorbed by the bacteria within twenty minutes of
initial exposure. The conecentration factor was estimated as

625 to 1 when 0.041 g of flocculent bacteria adsorbed aldrin

in 25 g of water. Flocculent aerobes, cmoung other types, are
abundant in lentic environments and their numbers will increase
significantly when exposed to increased oxygen levels provided
by aeration.

Other bacteria have been identified in similar investigations

(13) as important in the decomposition of dieldrin and certailn
hydrocarbon herbicides(14) in soil. Matsumura and Boush(1967)
report that bacteria belonging to the genera Bacillus, Pseudo-
monag and Trichoderma were responsible for the conversion of 1l
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to 6 percent of dieldrin to water soluble metabolites within a
thirty day test period. It is Interesting that six distinct
svecies of Pseudomonas Sp. are widely distributed in lake water
{along with species of Flavobacterium, Bacillus and others (15):
are "highly aerobic and capable of utilizing organic nutrients"
(16). Matsumura and Bousch (1967) also point out that certain
bacteria, e.g. Trichoderma viride produce numerous variants,
and that these subspecies are the orzanlisms responsible for the
decomposition of specific contaminants (in this case, dieldrin).
It is reasonable to assume that the bacteria endemic to the
Rocky Mountain Arsenal lakes have had ample exposure time to the
contaminants under consideration to develop variants capable of
pesticide decomposition.

It is not understcod by the authors how sulfur dioxide can be

a problem in an aquatic environment, unless significantly large
amounts are discharged into the lake system. 80, in water readily
forms sulfurous acid (52803) a weak acid, accoraing to the
equation(l?7)s:

S0, + Hzo'l—-——— H,S0
Sulfurous acid“will”then také€ up o;ygen slowly to form sulfuric
acid (stou) , a strong acid (18):

H280 + 0 —-—-JXZH 80
Sulfuric acidf hgweve%. is highly goluble in water and undergoes
100 £ 1onization as follows (17):

+ H,0 .lggn; Hy o* + HS0,”
The fate of %he hydrornium icn Hoo or (H 3 . BY) 1s uncertain.
The bisulfate ion (Hsou-) undergoesfurther 1onization in water:

BSOy~  + Hy0 —> Hy0*t  + 50,7

The sulfate (SO ) can then be reduced by anaerobile bacteria to
hydrogen sulfide (H S) and released to the air as a gas.by
natural processes. This is the so.called rotten egg : gas that
is often present where large amounts of organic matter have
accumulated. Hydrogen sulfide elimination is rapid with lake
bed aeration.

Insufficient time has been avallable to study the decomposition
mechanisms of sulphone, oxylate, dithane, isodrin or DIMP.
Since DIMF (Di-iso-methyl-phosphonate) is an organic¢ compound,
contains a phosphate component and has relatively high varor
pressure ( as judged by its ease of volatilization in ageitated
water) , 1t 1s assumed by the authors that breakdown by the

same aerobic mechanisms as deéscribed for t -
carbons is likely, he chlorinated hydro




Proposal

The above discussion leads to a possible means for reducing the
amount of chlorinated hydrocarbons in the Rocky Mountain Arsenal
lakes. The other benefits of lake bed aeration are covered

in the main rerort and are detalled in a brochure following

this report. By reversing the eutrophication process 1n the
Arsena)l lakes this should reduce the severe aquatic weed growths,
improve the general condition of the fisheries and breakdown
other unwanted organics.

Rocky Mountain Fisheries proposes the installation of four lake
bed aserators as 2 pilot program to determine the feasibllity of
chlorinated ‘hydrocarbon and other organics breakdown in the
Arsenal lakes. We propose installation of one aerator each, in
Lake Mary, Ladora, Lower Derby and North Bog Pond. Electricity
18 readily avallable in all of these areas for ease of hcokup.
This capital expenditure is very slight compared to the benefits
of lake bed aeration. Samrles could be taken periodically to
determine any change in chlorinated hydrocarbon and other chemi-
cal substrate concentrations.

The cost cof one lake bed aerator installed, if electricity is
on site is § 500.00 to § 600.00. One hundred=ten volt, 15 amp.
power hookup is required.
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THE PRINCIPLES OF LAKE BED AERATION
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EDITOR'S NOTE

Sure. many of our hshing waters
have become poliuted and others
are gelting there. Yes. it will cost Dil-
hons to ciean i1 up Nothing new
about that. s there?® Well we
wouldn'l waste your trme and our
space simply to write another ‘sick
lake” story We all know that 1t wiil
take years — and biilions — 10 hunt
down every source of water pollution
and correct it (It wiil be a long, hard
struggle. and we may not even win.)

BUT. a relatively inexpensive
pirece of equipment ras come along
which costs considerably less than
3500 and which s available 10 any-
nne with the desire to do something
about thewr “sick waters”. One umt
will handle a lake or pond up to 20
acres. Resort owners can use two or
three units in front of their places to
help eliminate fouled swimming
beaches and provide better hshing
rnight out in front of the place. indi-
vidual lake home owners can install
their own umt out in front ol their
place. and if a number ol adjoining
property owners do likewise. a whole
section of the lake can be imoroved.

The piece of equipment that can
do all this is the Lake Bed Aerator.
which acts to add natural dissolved
oxygen to water to replace the dis-
snilved oxygen which pollution and
eulrophication has stolen from it.
Fishing waters with sufficient dis-
solved oxygen means more and bel-
ter tish who multiply better, fight bet-
ter, and laste befter.

Our interest in the Lake Bed Aera-
tor lies in the fact that it is relatively
inexpensive and represenls some-
thing that YOU can use to help your
own [lishing waters, if they are
“sick™. It is not a “cure-all’, and it
won't clean up an entire reservoir
that's 90 miles long ... but it may
work real “magic” for you whercver
you install it.

An article in Fishing Facts of
March 1974 (“Hope For Troubied
Waters™), resulted 1n inquiries trom
and installations of lake bed aerators
m all parts of the country. Every re-
port that has reached us about their
performance has been positive, most
o/ them glowing. Those who in-

stalled Lake Bed Aerators are excit-

ed about them, so are we. I'S a sim-

e LR

-y . . . .

Why it's needed.

How 1t works.

What it does for lakes, farm pond:,

by Dr. MERVIN F. BROWNE

ple. practica! piece of equipment for
the do-it-your-selfer lor a3 business
establishment, or lor a town or mu-
nicipality.

This article. coming 13 months
after the “"Hope For Troubled Wa-
ters’ story. was written at ocur re-
quest.

We think there are many of our
readers — and theun fnends — who
might wish 1o give caretul CONSID-
ERATION to the purchase and usage
of such equipment (We don't try to
tell you what to think or what to buy.
but we do try 10 give you information
that will assist you in arriving at your
own decisions.)

Or. Mervin F. Browne. author of
this article is president of Kembro.
Incorporated in Mequon. Wisconsin.

Known as "Doc" Browne by his
lishing friends. he graduated from
the University of lllinois in Chemistry
and received his Ph.D. in O:ganic
Chemistry at the Siate University of
lowa in 1951. "Doc" has directed the
research and development activilies
associated with pollution abatement
and waste disposal for several large
corporations before forming Kembro
in 1968. These include '.OF Glass
Co.. Owens-Corning Fiberglas, Na-
tional Distillers and Chemical Corp.,
and Phillip Morris.

Being a do’er. "Doc"” decided to
do something about pollution of our
lakes, both man-made and natural.
Seeing the need lor providing the
do-it-yourseller with proper depend-
able, yet inexpensive equipment ‘to
save this valuable resource and

reservoirs, flowages and factory anc'
feedlot run-off and effluent tagoon¢

sport. "Doc’’ developed the Ventur:
principle of aeration and thermal de-
stratilication known as the GenAIR-
ator

“Doc’'s” local Iriends know him as
a German band clarninel player. pti-
vate prlot, and Civil War bull.

'‘GenAlKRator 1s the Trademark ol
Kembro. Incoroorated, Box 205,
Mecquon, Wisconsin 53092).

WHO NEEDS HELP?

Lake restoration i1s now a big item
of interest and controversy in Amen-
ca. Pending legisiation to grant Fed.
eral Funds for the installation of sys-
tems to restore the nation's lakes to
some condition other than the ones
they are in now. seems certain To
those who own lake property and to
those many people who use lake
property. such a program brnings up
many questions.

First, we must assume that there 1s
something wrong with the lakes that
maoke some sort of ‘‘restoration’”
necessary. Secondly. we must also
assume that if we were given
enough money by our government,
we couid change our sick or dying
lnkes into something else that we
would like better. perhaps lakes hike
the Indians had when the white man
first came. Or maybe like the lakes
were when they were first tormed
10.000 years agu as the last glacier
faded away. .

in any event, some lakes are
“bad"” and we want them to be made
“good'’ and Uncle Sam or somebody
else with a lot of tax money is going
to fix them for us “‘free”.(?)
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WHAT IS A LAKE?

SOLAR ENERGY

- CONVERTED BY A . mw.

PLANTS

(Primary producers)

OXYGEN

NUTRIENT INPUT FROM WATERSHED
USED BY

DECOMPOSERS
(Bacteria & Fungi)

SOME INTEROEPENDENCIES IN A LAKE ECOSYSTEM. The squatic scosystem is complex and its components are interrelsted. The various lite lorms depend upon one another tor their axistance

Some general charactens:izs of lakes — Lakes are more than standing bodies
of watee Theauw physical ano chemical characieristics make them ideal homes for
an immenge vanety ol organisms and communities ol plants and animals. A
take ECOSYSIEM 13 comprsed of a communilty of interacting animals. plants
and Dactena and the phys:cal a~g chemical environment in which they live. All
pasts of the ecosystem 13 compased ol 8 community of interacting animals,

Coutery of Woowr Greot Lodmr Dagroaw Comanrnns

plants and bacteria, and the physical and chemical environment in which they
tive. All parts of the ecosystem mesh in an intricate scheme ol interdependence.
This drawing indicates the complexity of lskes. and shows that it is not
possible to disturb one part of an aquatic ecosystem without atfecting numerous
other parts.
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Nothing is “free” As properly
owners, i you do get a government
project on your lake. you'll lose a
great many ol your property rights.
You don't want that. Tax money
spent here will only make inflation
worse. What is wrong with the lake
anyway? Why the fuss?

WHAT'S “GOOD" AND
WHAT'S “BAD"?

Let's see what makes a lake “bad”
that we once found to be "'good”.
Shallow water is the biggest com-
plaint | hear these days. Il is the
cause of such problems as exces-
sive weed growth in many cases
where the lake property owners do
not recognize this cause, and where
fish freeze out or winter-kill. Such
lakes cannot suppor! a population of
game fish, because in the winter
when the water is covered with ice
and snow, there is oxygen depletion
and the fish smother to death.

Streams and local rain run-off
bYrincing i mad and silt till up some
1akes. Only dredging will restore
such a lake. The soil. sand, gravel,
or clay will not go away by itsell.
One such lake is Lake Kadija in the
Madinan Country Club, Medinah, il-
linois. Once tweive leet deep. the
erosion ol lllinois top soil has lilled
in the lake to the point where one
can wade through 90% of this 60
acre manmade impoundment. Such
18 the fate of thousands of lakes.
What happened to Kadija happened
to Lake Decature at Decatur, 1llinois.
Lake Vermillion at Danville, Hlinois,
and Liltle Muskego Lake near Mil-
waukee.

If there is some bottom over 40
feet deep, as in the case of Little
Muskego Lake. a good game fishery
can be maintained with a littie heip
from the Department of Natural Re-
sources. They drained down the lake
and poisoned the trash fish. Upon
refilling, they stocked desirable spe-
cies so that today this shouid be a
great fishing lake, one that we would
term "good’” Right? Wrong! Now
this brings us to the second big
complaint — pollution.

IT'S THEIR FAULT?

There are two kinds of pollution.
The first, manmade pollution, has re-
ceived so much attention from activ-
ists that we've lost sight of the sec-
ond kind, natural pollution or eutro-
phication. Again, many lake property
owners, teachers, and students over-
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inok the natueal produchon of veq
table anatter fronn Suntight, e, and
willer by photosynthesis in green
plants and algae as the primary
cause ol a lake qoing "bad’. Hf you
fish there. you don’t hke {00 many
weeds growing and rotting on the
iake bottom. crowding out the sport
fishing. and stinking up the water so
badly that often the fish you do
catch laste stale and muddy.

Of course, man can speed up the
normal death o! a lake by pollution
ot his own making. Anything that fer-
tilizes the algae and weeds speeds
up therr work of turning the take into
a meadow. Here again. the excessive
growth of weeds and algae cause a
build-up of decaying organic matter
and the stagnant lake 1S called
“bad’’. This 18 apart from the dump-
ing of mine wastes. chemicais. fuel
oil. and who knows what into a
stream or lake that resulits in a fish-
kill. Occastonaily, there are toxic
substances that kill the fish, but
mostly it's oxygen depletion that
does them in.

WHAT IS LAKE BED AERATION?

“Aeration’’ 18 the term we use to
mean adding arr to the water. Be-
cause air conlans 22% oxygen,
aeration adds oxygen 1o the water.

Several forms of aeration have
baen used in the past Most of these
older units are what we call “"surface
splashers’”. Various designs of post-
mounted or float-mounted electric
motor driven pumps or propellers
cause lountains of water to splash
nto the air. These are fine in shallow
water such as a fish hatchery. Unfor-
tunately. these various units expose
just surface water to the atmosphere.
As we shall see later. where the oxy-
gen is really needed in a lake, is at
the bottom.

Also, electric wires must be taken
to the motors out in the water. In-
sulatioh break.downs and shorts
into the water can cause shock haz-
ards and heavy power losses, so it's
better if electricity can be kept away
from the water. These surface unis
are boating and waterskiung hazards
as well,

Lake bed aeration is dilferent
since these systems add oxygen to
alt of the water «n the lake, not only
to the surface water. but to the water
at the bottom of the lake as well.
This is very important. Once the lake
or pond is full of oxygen near the
bottom, new insect larvae, snails.

and other lish tood can begin to live
on the boltom

All systems that pump water use a
lot of electnicity for the amount of
oxyqaen they put nto the water It
takes much less energy to pump arr
than water because air weighs a lot
less Therelore. a one fourth horse-
power air pump can do the work of a
water pump requiring four to siIx
nmes as much electricity. The ex-
ceptions tn electricily use are the
wind mills. These usually mix very
iittle oxygen into the water, especial-
ly on a cold. clear, still, star-lit winter
night when everything in the woods
Ireezes thght.

By pumping compressed air oul
into the lake bed aerator. the nsing
air bubbles bring the bottom water to
the surface where it is exposed to
the atmosphere. Large volumes of
water thus lose bad gases 10 the air
and pick up even more oxygen while
on the surface.

Natural bactenia attack the oil,
milk, whey. n.anure, or whatever,
from canming plants. municipai sew-
age plants, farms. tactories. and
mills. Bacteria will breath oxygen if it
s available. They like this new “ban.-
quet” so well that they grow very
fast. multiplying rapidly to gigantic
numbers, using up all ot the dis-
solved oxygen in the water. There
being no oxygen lelt in the stream.
or lake, due to the high biological
oxygen demand of these bactena.
the fish die. The tish cannol breathe
until all of the pollution is “burned
up’’ by the bacteria.

Aeration speeds up this process of
oxidizing or ‘‘burning up’’ the poliu-

KemC:~ incorporated, gratefult,
acknrwindges FISHING FACTY
manazine’s permission 1o repnn’
this article in its entirety as it
appeared in the April, 1974, issue,
under the title, "AERATION'S
AN ANSWER FOR SOME SICK
LAKES”.

tton  In fact. it there s suilicy
aeration. the fish will be able 1o st
vive a surprising amount of pollutic:
in a place hke a feed ot run-off pon *
or tertiary sewage treatment lagoor;
These are potentially good tishinn
spots. There s no reason for su- "
places to be "bad’’, even if there a'+
occasional spills or excessive draw
downs.

So “"badness’’ nearly always has Ic
be blamed upon decaying vegetation
caused by excessive primary pio
duction in overly fertilized bodies n!
water. "Goodness™ is fresh, spark
hng clear. "'sweet-smelling water
which supports abundant fish hle.
free from excessive algae and
weeds.

Some algae s necessary. beino
the fi.st step up the fish food ladder
Zooplankton graze on the alqae:
they cannot manufacture their own
food out of light, air and water as the
algae do. giving off oxygen in the
process. Zooplankton need oxygen
to breathe. like most living things
Aeration of the water improves therr

Measuring Water Clarity with a Secchi Disc

LIGHT PENETRATION

ATV

Water clarily
qaverns the dopth of
haht penefration in
lakes. Perindic 'esting
with 3 Secchi disc
may show seasonal
variations in clarity

Covrtesy o Upper Geenl Loy

Tepoas! Commervion

TURBID LAKE
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A growinqg number of property owners and concerned anglers are discovering
that scum. alqae. and bubbhing qguses are no langer found oniy on “the other
guy's lake Many are linding the problem creeping closer to their own backyard.

environment. Their numbers in-
crease over tenfold when aeration
begins. They eat the algae, and the
fish eat them.

IT'S A RACE
It's those special bactenia that de-

termine 1if a lake is ‘good’’ or “bad"”
in North America. Do the bacteria di-
gest the decaying vegetation taster
than it's produced? The normal
death of a lake over the centuries is
for it to tll up with dead plant matter

until there s no water left, just

L

weed . oo ces, trees, or A e v
The ke ) keeping a lakn 1!
by pr.y.+ lake management ! s
to sprec up the bacternal diy v
of dead piant matter and t+ rin-
down the production ol new = . !
matter to the point where the '

tena ol decay can keep aheat

Lakes that support rapid alg. = .-
plant growth are termed “eutrost:.:’
lakes. Eutrophication comes ‘.o
the Greek word for “over-lod’
that's just what the plants are
they tend to grow too fast
lakes are overly fertile with 1}
food. the same piant food usi !
lawns. gardens, and fields. In ',
agricultural run-off 15 an impoit -
source of fertilizer for ponds !
lakes supporting excessive ven>ty.
tion production. The important '
ments employed here are fixed n:-.
gen, potassium, and phosphorus. 1.~
three main plant foods.

Other elements are needed '
growing plants and algae such
calcium and magnesium, always "2
cause of ""hardness’” in the watw
Hard water lakes are always probien
lakes with respect to aigae and w4
growth, Carbon dioxide supplies 1
carbon needed by the plants and is
present in the air at 0.03-0.05% con-
centration. Hard water can hoid 2 lot
more carbon dioxide as dissoiv

an
ttiny

Tlelny

In lakes plants are eaten by arimals
and animalis are eaten by each other
The predator of one species is the prey
of another This process continues from
the lowest plant to the highest animal
and constitutes the food web or pyramid
{also called the food chain)

The tixed amount of energy
avalable to a lake is transferred up
through the Inod web by plants and
animals. The “energy pyrarmid”
drawing depicts the transler of energy
in an ecosystem, Irom the microscopic
plants (phytoplankton) to the hnal
consumers. the carnivores. at the peak
J These relationsps impose a balancing
eflect even on the mpst comphcated
ecosystems

Courtesy of Woper Cront Lobes Hagranel Commetsrns

The Energy Pyramid

ANIMALS
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The ecarbon dioxide ot the surlace
biows aw.ay in the wind

Another dissolved gas coming
tom decaying plant matter in a
“bad’’ lake boltom i1s deadly hydro-
gen sullide. This has the smell of rot-
ten eqggs and i1s highly toxic to fish. If
oxygen 1s presen! in the water, no
hvdrogen sulfide 1s formed. Where
the lake i1s “‘bad’’. aeration causes
more phase distribution and the
smell of rotten eqggs 15 strong above
the aerator lor the lirst several days.
Soon the lake 1s "“‘good’’ again. Most
ol the off-flavors in fish flesh taken
from a ‘'bad’ lake are due to the

presence of sullur compounds coimn-
ing from this hydrogen sulhide. We
note that even small amounts of dis-
solved oxygen in the water at the
lake bottom are toxic to the suilate-
reducing bacteria responstble for the
hydrogen sulfide. Aeration makes
the lish laste betler. so now this lake
1S ‘‘good”’

WE WANT BACTERIA
ON OUR SIDE

There are two kinds of bactena all
around us: those that need oxygen
to live, called aerobic bactena, and

thowe theer &« and grow n ‘.

absence i caen, called anaers
bactena " .. are dilferent n an- -
er way

Aerobic bactena grow and el
1o 30 times
bactenia. We scientists like to say
this way “"Aerobic systems .-
characterized by high pE values an
high enerqy availabibty
miroducthion of orgamc matter. whn

anaeroby sysiems are characton s o

by low pE nnd redox values and I
enerqgy availabihty

Here. pE means electron activ-

-

-~y

Y down reveal 2

Temperatures takm lrom the surlace
thermocline where

faster than anaerol-.

followtr;

AFTER -

POWER UNIT

Y .

GenAlRator puts the wind to work! Now, huge amounts of )
water are oxyqgenated and circulated back down to the bottom.

.
N

The jet ol oxygenoted water °

pulls large amounts of sur-
ing water to the surface.

There is no thermocline. The hypolimnion is elimi

FISHens Facc s,




ciubonate and hicarbonate than solt
water This as the eason hard waler
lakes are troublesome.

Some lower forms of plant lile
such as biue-green algae require
other substances such as vitamin 8-
12 in the water since they apparently
cannot manufacture their own. The
B-12 comes from air born poilen and
from green aigae. bacteria, and fun-
gi in the water In return. the blue-
arecn algae give off substances
which are poisonous o other plants
so as to eliminate competilion from
other species for the food supply
and suniight. Sometimes these po:-
sons are so toxic from the blue-
green ailgae species that they kill
birds, fish. and even livestock within
live minutes after drinking the in-
fected water!

We have discussed fertilizers {or
algae and weeds. but other [actors
also determine how fast vegelable
matter is produced. Warmer water
causes plants to grow faster. Those
terrible blue-green algae, the worst
kind of all, like warm surface water
for their foul and often toxic habitat.

More sunlight means more primary
production by photosynthesis in the
chlorophyit ot aigae and weeds. This
continues as long as the food supply

hovldds out When ane of the nutnents
i1s exhausled trom the water, produc-
tion stops for the most part. When
production stops. the bacteria have
some time to catch up with their di-
gestion of dead algae and plant mat-
ter.

So. limiting the nutrients imits al-
gae and weeds the natural way.
No= how can bubbling air through
the water and exposing it to the at-
mosphere hmit plant nutrients? To
answer this we will take a close look
at what happens to these nutrients in
a lake when we aerate it.

STARVING SLOWS THEM DOWN

Plants need iron for photosynthesis.
Ptants need phosphorus for their en-
zymes. Dissolved oxygen in the
water makes all iron oxidize to the
fernc (or plus three) state lrom the
ferrous (or plus twoj} state. Fernc
phosphate 15 notl soluble in water.
There goes the iron and some of the
phosphorus out of the ecosystem,
precipitated out into the bottom mud
as the insoluble iron phosphates
They are no longer avaiable for
ptant nutrition and growth.
Plants need manganese
chiorophyll production.

for
Dissolved

OXYen Tthe manganom: T
m the o o manganese o ot
and n- v hHle manganic (o
ihree) pice: phate which setiles ¢ -
bottom. There goes the mangin
and some more of the phospha-
Plants need nitrogen in a fix: ¢
water soluble form (not as the
nitrogen that makes up 3/4ths of +-
atmosphere.) Plants such as Ao«
need milrates. nitrites, and ammaor
The fixed nitrogen form most "
found in the water, produced '
decaying vegetation, is ammos
When we aerate, we actually b’
the- ammoma right out of the 1n -
mechanically. The water and air . -
change the ammonia. but the
moves away in the wind. There qce .
the nitrogen by “‘phase distribution’
Plants need carbon dioxide a- -
water to turn nto sugar, using St ¢ -
light by photosynthesis. We simp:
say six molecules of water and six «!
carbon dioxide unite to form
molecule of alucose and six maoi
cules of oxygen in the chioroplasi
‘Nhile not strictly the story. it’'s *h e
resuit and you can see oxygen s put
into the water by this process. Gin
cose is the piant’s buiiding blouck te
cellulose. What dnes aeration
about this? Phase distribution aq .-

Oy

{3}

Depth May 27, 1972
n tirst day
toeot

Juty 21, 1972
$S5th day

September 8. 1972
104th day

Repurr On A
GenAlRator
Instatlation - Trix

—e 719 9.5 ppm.

91° 8.0 ppm.

892 5.5 ppm.

»

672 5.0 ppm.

———

THERMOCLINE
No squatic lite ¢an survive
» h

] ]

» 420

.0 ppm, k!

a——

82° 8.0 opm

79° 7.0 pom.

70" 0.5 ppm.

T1° 7.5 ppm.

71° 5.0 ppom.

71° 5.0 ppm.

70° 4.5 ppm.

v The volumo ol lite-

5 ¢ supporling wator in

X this fake has beon
o increased
> than J00%.

70° 35 0PM.

natural seven acre
glacial kettie lake was
found !n be in an
advanced state of
eutrophication  The
battom was sponay
peal. many feel
deep. with mare fie.a!
consiantly bemnq
formed from a heavy
Inad o! oxygen-uzing
nrqame maltter
Readings were

taken at depths
ane. Inur  Six, rine
and 16 Inet throughout
‘he like then
averaged (0 shaw the
msulls belrw
Temperatures are
Fanrennen The ppm
readings mndie. are
parts per milline of
nxygen dissoived n
the water Lake
Readinqs Were Taken
On May 271972 The
GenAlator Was
Institlod AL A Depite o
18 Feot That Sane
Day.

more
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Oxygen Distribulion in a Stratified Lake

- - ——

¢ o
,’ TEMPERATURE (increasing)
V& DISSOLVED OXYGEN (Increasing)
o ;g o e 0 e o
’ v P Y - . o T et

Courtery of Upper Cient Later Repoat! Comaninies
Oxygen distribution in a stratitied lake — Note that oxygen has been depleted in
the hypolimnion and ftish are absent. The thermocline acls as a barrier 10
mixing. and prevents aeration of the hypolimnion. Furthermore, because of the
depth and lack of sunlight, the hypolimmon does not benelit from photosynthetic
oxygen production. The lake is reoxygenated during the spring and fall
overturn and then lish may inhabit the deeper waters.®

‘(Unless they are killed by the poisonous/methane, ammonia. hydrogen
sullidelbottom water as it rises to the surface when the oxygen-rich surface water
descends.} Footnote by: Dr. Mervin M. Browne.

which is important to the scientist. it
atl boils down to this: In one year,
aerobic bactena will digest and
change into carbon dioxide and wa-
ter the amount of dead vegetation
that anaerobic bacteria take 30 years
to digest! So, if oxygen is present at
the lake bed, called the benthic
zone, dead weeds and peat do not
accumuliate as bottom myck. Such
muck is quickly eaten by our aerobic
friends. not slowly chewed upon by

anaerobics who fall behind in their
work, and lose the race. allowing the
pretty pond or lake to go “‘bad"”, lill-
ing up with peat. That's how coal
was formed eons ago. It's the natural
death of a lake, just as it’s natural for
aerobes to eat up dead vegetation
and aigae and keep it ‘'good’’. Thus
aeration and destratification keep
these aerobic bacteria on the job by
assuring them a constant supply of
oxygen,

Summer mixing of lakes by wind — Shallow lakes are kept well mixed by
wind action Winds miux only a pnrtion of deeper lakes.

Courtesy of Usprr Ceont Labes Brpanst Commninien

Cad” lakes, the b e
can be o dped tremendoasly 7o
excessr yrowth ol aquatic v - o<
1S remove:] by mechanical ha-wg o0
ing. There may be so much ot
food in the water that unsightly wae.d
growth results. Harvesting 1h..s
weeds not only removes much nuist-
ent physically, but takes a big I- i
off our aerobic triends. The remev. !
weeds. applied to fields as qreo
manure. are an agricultural asse! - -
stead of an aquatic tiability,
Occasionally., chemicals are

plied to slow down production i«
must be considered an emerge i .
shock treatment for the lake of sh
term benefit. It gives the bactor =
some extra time to catch up sin.:
primary production is temporari
halted. Compared o aeration alore.
chemicals are an expensive last r-.
sort and other forms of wild lile ge' -
erally suffer a set-back following any
chemical application. The dangers
require an expert be used to balanc »
the risks of application. Repeated
use of chemical toxicants can ony
be harmful, as this is an unnaturat
introduction into the ecosystem even
though sometimes necessary, espe
cially in the warm South where hy-
drilla. water hyacinths, and water hl-
1es get out of control.

In resy

HOT OR COLD

Speaking of the warm South
where primary production goes cn
all year ‘round, you would think that
the bacteria could never caich up
and dead vegetation would be
mountainous. Such is not the case.
obviously. The reason is that ous
friendly bacteria digest the dead
plants much faster at warmer tem-
peratures. (For example, glucose
from cellulose is eaten only one
tenth as fast at 45°F. as at 85°F by
aerobic bacteria.)

Reversing the photosynthesis
equations: six molecules of oxygen
are combined by the bacteria with
one glucose molecule to larm six
molecules ol carbon dioxide gas and
six molecules of water Al of this
tatk about molecules may sound un-
realistic. so let's put it as: 18 pounds
of cellulose combines with 19
pounds of oxyggn to yield 26 pounds
of carbon dioxide and 11 pounds of
water. The rate of these reactions 1s
predicted at different temperatures
by biologists using the famaus
Arrhenius equation, which students
usually refer to jokingly as the “er-




“Bacteria have
stnct lemperature hintahions, Fortu-
nately, there are thousands of kinds
of bactena and some like 1t hot while
others like 1t cotd.

Up north in New England. Michi-
gan. Wisconsin. Minnesota, and in
the mountains and Canada. the
takes are covered with ice hall of the
year. Algae and piants grow only
during the warm “open’ months.
Why can’t the bacteria keep up with
plant proauction n these areas?
Why so much peat bog and muck
accumulation i the north country?

If we look at a "bad"’ lake in New
York State. we see a typical glacial
lake dying The winter months find
the bottom at 39.5"F. and no oxygen
- water bring most dense at this
temperature. The 1ce secals off the
lake surface so that no atmospheric
oxygen can get into the water ail
winter. When the ice meits out in the
iate spring. the cold heavy water
stays at the bottom even while the
sun and air warm the surface water
up to above B80°F. This lighter
weight. warmer water stays on the
surface until cold autumn nights
shill it again six months later, We
call the warm upper layer the
“epilimnion’’ and the cold. dead.
bottom layer the “hypolimnion™. We
put food in refrigerators to keep bac-
teria from growing in it, called
“spoiling’’. Our New York State lake
bottom is refrigerated, seldom get-
ting over 55°F. in sixty-five feet of
water. It still has no oxygen. but
even anerobic bacteria can’! digest
the dead plant lile and algae raining
down from above at those low tem-
peralures.

Some experimenters have tried
adding oxygen to this cold hypolim-
nion as in Lake Waccabuc in New
York. Ail attempts to improve a
"bad’’ lake by oxygenation of only
the cold bottom layers of waler
should be reexamined with a more
practical analysis of the probiem to
be solved in mind High power costs
and expensive equipment have
yielded only inconclusive results. It
we want our friendly aerobic bac-
tena 1o eat up the bottom debrnis in A
hurry, we have o warm them up as
well as give them oxygen.

InNeous’  aauation

THE SIMPLE SOLUTION

A northern lake may be ‘‘saved’
by the installation ol the lake bed
aerator that oxygenates the water at

w.-».-.

" PRm UPLL

mf ‘y‘i';?’;" 2

l.o"”n

AMLTHL P

Wﬂ'

.,,East T 15’2&,”‘ .\.- mluh»d wﬂ.‘.
- 2 YR

-—-’ - :,‘.-’,.'.Y"'M:"w "w"?- :"""’7,..,.{5.‘,

W oy

- .-c .-

Veqetation can ofler cover and concealment for ba:l Irsh and qame hish alike.
However. there are times when Mather Nature may need a helping hand to
prevent the needless and premature death of a lake

the bottom, and destroys the hypo-
limnion by low c¢ost. low-powered,
continuous destratification. Bottom
temperatures come up to 60-65°F.
while the mixing of the cooler bot-
tom water with the surface water
brings down the surface water tem-
peratures to 70-75°F. during June.
On a windy day. or during a Cold
Front passage. winds of 35 to 40
miles per hour. mix up the whole
lake. We see 72°F. from top to bot-
tom and plenty of dissolved oxygen
also — over 7 parts per million —
enough for game fish as well as for
out Iriendly aerobes. They are eating
the bottom debris at four times the
rate they would in an aerated hypo-
limnion and 60 to 70 times faster
than if we had left the lake to its own
natural death. {{ man has added his
own pollution, lake bed aeration
restoratinn resulls are even more
dramatic.

Above the Lake Bed Aerator in the
winter, a hole in the ice remains
open. 20 to 40 feet in diameter. The
lake waters are no!l sealed off from
light ard the atmosphere by ice. Dis-
solved oxygen levels remain high all

winter. There are no distressed hish
and our bactena keep on slowliy fat.
ing. This is quite a change from nor-
mal winters The ice goes out 3
weeks sooner. too. This opens up
the lake to the atmosphere sooner.
and the results are apparent
Spawns are more successful. Soon
the “bad” lake is once again a
"good’’ lake and it didn’t take an act
oi Congress or a ""megabuck’ pro-
gram to get the job done. Even the
individual property ownar can install
this fake bod aarator system an lese
than two hours with a Inend. mayt.e
a six-pack, a screw driver, and o pine
of phers.

When nstalled and rurnning, the
lake bed aerater makes an unbe.
lieveably active fishing hole accord
ing to some Ilinois State Fishery
Biologists and many GenAlRator
owners. The unit 1s designed to run
day and night all year ‘round without
maintenance. Jon't worry about the
eflects of mixing a “'nutrient-nch
hypolimnion water’” with surface wa-

ter — there 1Sn't any hypolimnmion
any more. just "good’’ fishing water
&=
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Typical Airator Instaliastions

D= Deepwsator Units } = Regular (Standasi 1. !

RESORT FRONTAGE
ON LARGE LAKE

T :
© SH=

25 ACRE LAKE
Individual or Club Installation

2 ACRE FARM POND
OR STOCK TANK

-

300 ACRE MUNICIPAL LAKE
Regutar and Deepwater Units
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FRONTAGE USE ON LARGE LAKE
Individual and Group Use INLET ON LARGE LAKE
by individual Property Owner
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